
 

 

1 
 

Original Research Article 1 

 2 

Extended spectrum beta-lactamase resistance of 3 

Escherichia coli from patients attending selected 4 

healthcare facilities in Nasarawa State, Nigeria 5 

 6 

 7 
ABSTRACT  8 

Aims: This study investigated the extended spectrum beta-lactamase resistance of diarrheagenic E. coli 9 
isolated from diarrheic patients attending some major health facilities in Nasarawa State, Nigeria  10 
Place and Duration of Study: Department of Microbiology, Nasarawa State University, P.M.B 1022, 11 
Keffi, Nasarawa State, Nigeria; between December, 2017 and March, 2019.  12 
Methodology: A total of 207 confirmed E. coli isolates from loose stool samples of patients with 13 
suspected cases of diarrhea (69 from Federal Medical Centre Keffi [MCK] 69 from General Hospital 14 
Akwanga [GHA] and 69 from Dalhatu Araf Specialist Hospital Lafia [DASHL]) were included in this study. 15 
Results: E. coli was isolated and identified using standard microbiological methods. The antibiotic 16 
susceptibility testing for the isolates was carried out and interpreted in accordance with Clinical and 17 
Laboratory Standards Institute protocol. Phenotypic detection of ESBL production in isolates resistant to 18 
ciprofloxacin, cefotaxime and ceftazidime) was carried out using double disc synergy test. The 19 
occurrence of E. coli was 100% in all the hospitals. Age groups 0-5 and 6-10 years have the highest 20 
occurrence than age group 35 – >45 years. Isolates from DASHL were more resistant to 21 
amoxicillin/clavulanic acid (86.9%), Streptomycin (75.0%) and sulphamethoxazole/trimethoprim (68.1%), 22 
isolates from FMCK were more resistant to amoxicillin/clavulanic acid (84.1%), 23 
sulphamethoxazole/trimethoprim (69.6%), isolates from GHA were more resistant to amoxicillin/clavulanic 24 
acid (85.5%) and sulphamethoxazole/trimethoprim (73.0%). Multiple antibiotic resistance (MAR) was 25 
observed with the order of occurrence: FMCK (98.6%) > DASHL (92.8%) > GHA (89.9%). The most 26 
common MAR index of 0.2 in DASHL was 0.4 (20.3%); FMCK was 0.4 (15.9%); and GHA was 0.3 27 
(17.4%). The order of occurrence of classes of antibiotic resistance in E. coli isolates in DASHL was MDR 28 
(84.0%) ˃ XDR(7.2%) > PDR and NMDR (4.3%); in FMCK was MDR (91.3%) ˃ XDR(4.3%) ˃ NMDR 29 
(2.9%) and PDR(1.4%); and in GHA was MDR (88.8%) ˃ NMDR(5.8%) > XDR and PDR(2.9%). Detection 30 
rate of ESBL was 53.6% (30/207), distributed in relation to the location as DASHL (60.0%), FMCK 31 
(50.0%) and GHA (52.6%). Conclusion: Most of the isolates from the study locations were antibiotic 32 
resistance. Further studies on molecular detection of ESBL, diversity and characterization of the E. coli 33 
into pathotypes are ongoing. 34 
 35 
Key words: Escherichia coli, Extended Spectrum Beta-lactamase, and Antibiotic.  36 
 37 
 38 
1. INTRODUCTION 39 

 40 
Escherichia coli (E. coli) is the predominant facultative anaerobe and commensal microbiota in the 41 

mammalian gastrointestinal gut; and some strains can cause severe diarrhea illnesses in humans [1, 2]. 42 

Various classes of antibiotics have been used to treat diarrhea caused by Diarrheagenic E. coli (DEC) 43 

and their continued usefulness is limited by the acquisition of resistance mechanisms in the bacteria [3]. 44 
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The use of antibiotics has been reported to be one of the factors contributing to the emergence of 45 

bacterial resistance [4, 5].  46 

Antibiotic resistance is a global public health issue that is impacted by both human and nonhuman 47 

antimicrobial usage. The continuing emergence, development, and spread of pathogenic organisms that 48 

are resistant to antibiotics are a cause of increasing concern to health care practice [5]. 49 

Beta-lactam antibiotics have wide application in the treatment of infectious diseases; and constitute more 50 

than 50% of prescribed antibiotics [6]. Resistance mechanisms in bacteria against β-lactam antibiotics 51 

include: β-lactamase production and alteration of the penicillin-binding protein (PBP) target site [7]. The 52 

production of β-lactamases, which hydrolyzes the β-lactam ring, is among the most frequently 53 

encountered mechanisms in E. coli [7]. The phenotypic characteristics of ESBL facilitate the identification 54 

of ESBLs-producing organisms using routine laboratory tests such as double disk diffusion test or E-test. 55 

However this study investigated the extended spectrum beta-lactamase resistance of E. coli isolated from 56 

patients attending selected healthcare facilities in Nasarawa State, Nigeria. 57 

2. MATERIAL AND METHODS 58 

2.2 Sample Collection 59 
 60 
A total of 207 (69 from Federal Medical Centre Keffi, 69 from General Hospital Akwanga and 69 from 61 

Dalhatu Araf Specialist Hospital Lafia) loose stool samples of patients with suspected cases of diarrhea 62 

were randomly collected over a period of three (3) months using sterile container and transported using 63 

ice pack to Microbiology Laboratory, Nasarawa State University, Keffi for analysis. The consents of the 64 

suspected diarrheic patients were obtained before sample collection. 65 

 66 

2.3 Isolation and Identification of Escherichia coli 67 

Escherichia coli were isolated from loose stool samples of patients with suspected cases of diarrhea: With 68 

the aid of a wire loop, the stool sample was streaked on MacConkey agar (Oxoid Ltd., Basingstoke, UK) 69 

plate and incubated at 37°C for 24 h. Pinkish colonies that grew on MacConkey agar were further 70 

inoculated on Eosin Methylene Blue agar (Oxoid Ltd., Basingstoke, UK) and incubated at 37°C for 24 h. 71 

Greenish metallic sheen colonies that grew on the Eosin Methylene Blue agar plate were selected as 72 

presumptive E. coli  based on method already described [8]. Presumptive E. coli were identified by 73 
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microscopical (Gram stain) and minimum biochemical tests for E. coli identification namely “IMViC” 74 

(Indole, Methyl red, Voges-Proskauer, Citrate). Indole positive, Methyl red positive, Voges-Proskauer 75 

negative and citrate negative isolates were further confirmed as E. coli using a commercial kit B004HI
TW

 76 

(HiMedia Ltd, India) in accordance with the manufacturer’s instructions.  The bacterium was stored in the 77 

refrigerator at 4°C on nutrient agar slants and reactivated by sub-culturing on MacConkey agar and used 78 

in the further experiments. 79 

2.4 Antimicrobial Susceptibility Testing 80 

Antimicrobial susceptibility testing of the confirmed E. coli isolates was carried out as earlier described [9]. 81 

Briefly, (3) pure colonies of isolated E. coli from loose stool samples of patients with suspected cases of 82 

diarrhea was inoculated in to 5 ml sterile 0.85% (w/v) NaCl (BDH Chemicals Ltd., England) and the 83 

turbidity of the bacteria suspension was adjusted to the turbidity equivalent to 0.5 McFarland’s standard. 84 

The McFarland’s standard was prepared as follows; 0.5 ml of 1.172% (w/v) BaCl2.2H2O (BDH Chemicals 85 

Ltd., England) was added into 99.5 ml of 1% (w/v) H2SO4 (BDH Chemicals Ltd., England). 86 

A sterile swab stick was soaked in the standardized bacteria suspension and streaked on Mueller- Hinton 87 

agar (Oxoid Ltd., Basingstoke, UK) plates and the antibiotic discs (Oxoid Ltd., Basingstoke, UK) were 88 

aseptically placed at the center of the plates and allowed to stand for 1 h for pre-diffusion. The plates 89 

were placed in an incubator (Model 12-140E, Quincy Lab Inc.) set at 37
º
C for 24 h. The diameter zone of 90 

inhibition in millimeter was measured and the result of the susceptibility was interpreted in accordance 91 

with the susceptibility break point earlier described [10]. 92 

 93 

 94 

2.5 Extended Spectrum β-Lactamase (ESBL) Production Test 95 

The confirmatory test for Extended Spectrum β-Lactamase (ESBLs) Production against E. coli isolates 96 

jointly resistance to cefotaxime, ceftazidime and ciprofloxacin was carried using two-disc method earlier 97 

described [9]. Briefly, 10
5
 CFU E. coli suspensions jointly resistance to cefotaxime, ceftazidime and 98 

ciprofloxacin were streaked on sterilized Mueller Hinton agar plates  and Amoxicillin-clavulanic acid 99 
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(30μg) disc was placed in the centre of the plate and cefotaxime (30μg), cefpodoxime (10μg), ceftaxidime 100 

(30μg) and ceftriaxone (30μg) disks were placed 15mm (edge-to-edge) from the centre disc. 101 

Enhancement of zone of inhibition in the area between the amoxicillin-clavulanic acid disc and any one of 102 

the β-lactam disks in comparism with the zone of inhibition on the far side of the drug disc was interpreted 103 

as indicative of the presence of an ESBL in the test strain. 104 

3. RESULTS AND DISCUSSION  105 

3.1 Isolation and Identification of Escherichia coli 106 

The cultural, morphological and biochemical finger print of E. coli isolated from stool of suspected 107 

diarrheic patients in Dalhatu Araf Specialist Hospital, Lafia (DASHL), Federal Medical Centre, Keffi 108 

(FMCK) and General Hospital, Keffi, Nigeria is as shown in Table 1. Pinkish colony on MCA which grew 109 

with greenish metallic sheen on EMB agar was Gram negative rod and had biochemical reactions 110 

namely: indole-positive, methyl red-positive, Voges-Proskauer-negative, citrate-negative, ONPG-positive, 111 

among others indicated E. coli.   112 

3.2 Occurrence of Escherichia coli 113 

The occurrence of Escherichia coli from stool of patients with suspected cases of diarrhea in the selected 114 

health facilities in Nasarawa State, Nigeria is as shown in Figure 1. All (100%) stool samples collected 115 

(207) harbored E. coli in all the hospitals. The occurrence in relation to age and gender is distributed as 116 

shown in Table 2 and 3 respectively.  117 
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Table 1: Cultural, Morphological and Biochemical characteristics of Escherichia coli from stool of patients with suspected cases of diarrhea in 118 
Nasarawa State. 119 

Cultural 
characteristics 

Morphological 
characteristics 

 

Biochemical Characteristics Inference 

Gram 
reaction 

Morphology IND 
 

MR VP CT TDA ONPG LYS ORN UR NT H2S MAL 

Pinkish colonies on 
MCA and Greenish 
metallic sheen on 
EMB agar - Rod + + - - - + + + - + - - E. coli 

+ = Positive, - = negative, IND = Indole; MR = Methyl red; Vp = Voges-Proskauer, CT = Citrate, LYS = Lysine, ORN = Ornithine; ONPG = Ortho-120 
Nitrophenyl-β-galactosidase, UR = Urease, NT = Nitrate, H2S = Hydrogen Sulphide, Mal = Malonate, TDA = Phenylalanine deaminas 121 
                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                       122 
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 123 
Figure 1: Occurrence of Escherichia coli from stool of patients with suspected cases of diarrhea in 124 
Nasarawa State in relation to Hospital (DASHL= Dalhatu Araf Specialist Hospital Lafia, FMCK= Federal 125 
Medical Centre Keffi, GHA= General Hospital Akwanga). 126 
 127 

Table 2: Occurrence of Escherichia coli in the stool of patients in relation to Age 128 

Age 
(Years) 

No. of Samples No. (%) Escherichia coli 

DASHL FMCK GHA DASHL FMCK GHA 

0-5 28 23 29 28(100.0) 23(100.0) 29(100.0) 

6-10 17 18 16 17(100.0) 18(100.0) 16(100.0) 

11-15 5 6 5 5(100.0) 6(100.0) 5(100.0) 

16-20 8 6 1 8(100.0) 6(100.0) 1(100.0) 

21-25 4.0 0.0 2.0 4.0(100) 0.0(0.0) 2.0(100) 

26-30 6.0 3.0 5.0 6.0(100) 3.0(100) 5.0(100) 

31-35 0.0 0.0 6.0 0.0(0.0) 0.0(0.0) 6.0(100) 

36-40 0.0 1.0 0.0 0.0(0.0) 1.0(100) 0.0(0.0) 

41-45 0.0 5.0 0.0 0.0(0.0) 5.0(100) 0.0(0.0) 

>45 1.0 7.0 5.0 1.0(100) 7.0(100) 5.0(100) 

Total 69 69 69 69(100) 69(100) 69(100) 

DASHL= Dalhatu Araf Specialist Hospital, Lafia; FMCK= Federal Medical Centre Keffi; GHA= General 129 
Hospital, Akwanga; No.= Number, %= Percentage. 130 

 131 
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Table 3 Occurrence of Escherichia coli in the stool of patients in relation to Gender 133 

Gender No. of Sample No. (%) E. coli 

 DASHL FMCK GHA DASHL FMCK GHA 

Male 27 33 29 27(100.0) 33(100.0) 29(100.0) 

Female 42 36 40 42(100.0) 36(100.0) 40(100.0) 

Total 69 69 69 69(100.0) 69(100.0) 69(100.0) 

DASHL= Dalhatu Araf Specialist Hospital Lafia; FMCK= Federal Medical Centre, Keffi; GHA= General 134 
Hospital, Akwanga; No. = Number; % = Percentage. 135 
 136 

3.3 Antimicrobial Resistance Profile of Escherichia coli  137 

The antimicrobial resistance profile of the E. coli isolated from the patients is as shown in Table 4. 138 

Isolates from DASH were more resistant to Amoxicillin/Clavulanic acid (86.9%), Streptomycin (75.0%) 139 

and Sulphamethozazole/Trimethoprim (68.1%); but less resistant to Imipenem (11.6%), Cefotaxime 140 

(13.0%) and Ceftazidime (20.3%). Similarly, isolate from FMCK were more resistant to 141 

Amoxicillin/Clavulanic acid (84.1%), Sulphamethozazole/Trimethoprim (69.6%), but less resistant to 142 

Imipenem (72.0%), Gentamicin (24.6%) and Ceftazidine (26.1%). For GHA, the isolates were more 143 

resistant to Amoxicillin/Clavulanic acid (85.5%) and Sulphamethoxazole/Trimethoprim (73.0%), but less 144 

resistant to cefotaxime (15.9%), Ceftazidine (18.8%) and Gentamicin (21.7%). 145 

3.3.1 Antimicrobial Resistance Phenotypes 146 

The antimicrobial resistance phenotypes in the isolates from the patients are as shown in Table 5. The 147 

commonest phenotype in DASHL was AMC-S-SXT-CTX-CAZ-FOX-CIP-AMP (7.2%); FMCK was S-SXT-148 

CTX-CAZ-AMP-AMC-S-SXT-CTX-CAZ-IPM-CIP-AMP (5.8%); and GHA were S-SXT-CTX-CN-AMP-S-149 

SXT-CTX-CAZ-FOX-AMP and AMC-S-SXT-CTX-CAZ-IPM-AMP (5.8%). 150 

 151 
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Table 4: Antimicrobial Resistance Profile of Escherichia coli from stool of patients with suspected cases 152 

of diarrhea in Nasarawa State 153 

Antibiotics Disc Content 
(µg) 

No. (%) Resistance 
DASHL 
(n=69) 

FMCK 
(n=69) 

GHA 
(n=69) 

Amoxicillin/Clavulanic acid (AMC) 10/20 60(86.9) 58(84.1) 59(85.5) 

Ampicillin (AMP) 10 52(75.4) 47(68.1) 44(63.8) 

Cefoxitin (FOX) 30 39(56.5) 37(53.6) 30(43.5) 

Cefotaxime (CTX) 30 9(13.0) 19(27.5) 11(15.9) 

Ceftazidime (CAZ) 30 14(20.3) 18(26.1) 13(18.8) 

Gentamicin (CN) 10 22(31.9) 17(24.6) 15(21.7) 

Ciprofloxacin (CIP) 5 23(33.3) 28(40.5) 20(28.9) 

Imipenem (IPM) 30 8(11.6) 5(7.2) 19(27.5) 

Streptomycin (S) 30 52(75.4) 46(66.7) 30(43.5) 

Sulphamethoxazole/Trimethoprim (SXT) 25 47(68.1) 48(69.6) 51(73.9) 

DASHL= Dalhatu Araf Specialist Hospital Lafia, FMCK= Federal Medical Centre Keffi, GHA= General 154 
Hospital Akwanga, No.=Number, %= Percentage 155 

 156 

 157 

 158 

 159 

 160 

 161 

 162 
 163 
 164 
 165 
 166 
 167 
 168 
 169 
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Table 5: Antimicrobial Resistance Phenotypes of Escherichia coli from the stool of the patients 170 
Antibiotic Resistance Phenotypes Frequency (%) 

DASHL(n=69) FMCK(n=69) GHA(n=69) 

SXT,FOX,CN,AMP 1(1.4) 2(2.9) 1(1.4) 
SXT,FOX,AMP 3(4.3) 1(1.4) 1(1.4) 
SXT,CTX,FOX,AMP 2(2.9) 0(0.0) 1(1.4) 
S,SXT,FOX,AMP 1(1.4) 2(2.9) 1(1.4) 
S,SXT,CTX,FOX,IPM,AMP 2(2.9) 1(1.4) 1(1.4) 
S,SXT,CTX,FOX,CN,IPM,AMP 1(1.4) 2(2.9) 0(0.0) 
S,SXT,CTX,FOX,CIP,AMP 2(2.9) 1(1.4) 3(4.3) 
S,SXT,CTX,CN,CIP,AMP 1(1.4) 3(4.3) 1(1.4) 
S,SXT,CTX,CN,AMP 4(5.8) 2(2.9) 4(5.8) 
S,SXT,CTX,CAZ,FOX,IPM,CIP,AMP 1(1.4) 1(1.4) 1(1.4) 
S,SXT,CTX,CAZ,FOX,IMP 2(2.9) 1(1.4) 1(1.4) 
S,SXT,CTX,CAZ,FOX,CN,IPM,CIP,AMP 2(2.9) 3(4.3) 1(1.4) 
S,SXT,CTX,CAZ,FOX,AMP 1(1.4) 1(1.4) 4(5.8) 
S,SXT,CTX,CAZ,FOX 1(1.4) 1(1.4) 2(2.9) 
S,SXT,CTX,CAZ,CN,CIP,AMP 1(1.4) 3(4.3) 2(2.9) 
S,SXT,CTX,CAZ,CN,AMP 2(2.9) 1(1.4) 2(2.9) 
S,SXT,CTX,CAZ,CIP,AMP 0(0.0) 1(1.4) 1(1.4) 
S,SXT,CTX,CAZ,AMP 1(1.4) 4(5.8) 2(2.9) 
S,SXT,CTX,AMP 2(2.9) 1(1.4) 3(4.3) 
S,SXT,CIP,AMP 1(1.4) 2(2.9) 3(4.3) 
S,SXT,CAZ,FOX,CIP,AMP 3(4.3) 2(2.9) 2(2.9) 
S,FOX,AMP 1(1.4) 1(1.4) 3(4.3) 
S,CTX,CAZ,FOX,CN,IPM,AMP 1(1.4) 2(2.9) 1(1.4) 
S,CAZ,FOX,AMP 2(2.9) 1(1.4) 1(1.4) 
AMC,SXT,CTX,CAZ,CN,IPM,AMP 0(0.0) 3(4.3) 1(1.4) 
AMC,SXT,CTX,CAZ,CIP,AMP 1(1.4) 1(1.4) 2(2.9) 
AMC,S,SXT,CTX,FOX,CN,CIP,AMP 3(4.3) 2(2.9) 1(1.4) 
AMC,S,SXT,CTX,FOX,AMP 1(1.4) 1(1.4) 2(2.9) 
AMC,S,SXT,CTX,CN,CIP,AMP 2(2.9) 1(1.4) 3(4.3) 
AMC,S,SXT,CTX,CAZ,IPM,CIP,AMP 1(1.4) 4(5.8) 1(1.4) 
AMC,S,SXT,CTX,CAZ,IPM,AMP 3(4.3) 1(1.4) 4(5.8) 
AMC,S,SXT,CTX,CAZ,FOX,IPM,AMP 1(1.4) 1(1.4) 2(2.9) 
AMC,S,SXT,CTX,CAZ,FOX,CN,IPM,CIP,AMP 2(2.9) 2(2.9) 0(0.0) 
AMC,S,SXT,CTX,CAZ,FOX,CN,IPM,AMP 2(2.9) 2(2.9) 2(2.9) 
AMC,S,SXT,CTX,CAZ,FOX,CIP,AMP 5(7.2) 1(1.4) 3(4.3) 
AMC,S,SXT,CTX,CAZ,FOX,AMP 1(1.4) 1(1.4) 1(1.4) 
AMC,S,SXT,CTX,CAZ,CN,CIP,AMP 2(2.9) 1(1.4) 0(0.0) 
AMC,S,SXT,CIP,AMP 1(1.4) 1(1.4) 1(1.4) 
AMC,S,SXT,AMP 1(1.4) 4(5.8) 1(1.4) 
AMC,S,CTX,FOX,IPM,AMP 1(1.4) 1(1.4) 2(2.9) 
AMC,S,CTX,CAZ,FOX,CN,IPM,CIP,AMP 3(4.3) 1(1.4) 0(0.0) 
AMC,S,CTX,CAZ,FOX,CN,CIP,AMP 1(1.4) 2(2.9) 1(1.4) 

AMP = Ampicillin; AMC = Amoxicillin/Clavulanic acid; S = Streptomycin; CN = Gentamicin; SXT = 171 
Cotrimoxazole; CAZ = Ceftazidime; CTX = Cefotaxime; FOX = Cefoxitin; CIP = Ciprofloxacin; IPM = 172 
Imipenem, DASHL= Dalhatu Araf Specialist Hospital Lafia, FMCK= Federal Medical Centre Keffi, GHA= 173 
General Hospital Akwanga, No. = Number, %= Percentage. 174 
 175 

 176 

 177 

 178 
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3.3.2 Multiple Antibiotic Resistance (MAR) Index 179 

Multiple antibiotic Resistance is defined here as resistance to two or more of the antibiotics tested. The 180 

occurrence of MAR isolates is as shown in Table 6. The order of occurrence is: FMCK (98.6%) > DASHL 181 

(92.8%) > GHA (89.9%). The difference in the multiple antibiotic resistances of the isolates in relation to 182 

their location was statistically insignificant (p˃0.05). 183 

The MAR indices of the isolates from DASHL, FMCK, and GHA are as given in Table 7. All the isolates in 184 

DASHL, FMCK, and GHA were MAR isolates with MAR index of 0.2 and the most common MAR index in 185 

DASHL was 0.4 (20.3%), FMCK was 0.4(15.9%) while GHA, the common MAR index was 0.3 (17.4%) as 186 

shown in Table 7. 187 

3.3.3 Classes of Antimicrobial Resistance 188 

The E. coli isolates from DASHL, FMCK and GHA were classified into different categories of antibiotic 189 

resistance namely; Multi-drug resistance (MDR), Extensive-drug resistance (XDR) and Pandrug 190 

resistance (PDR) as shown in Table 8. The order of occurrence of categories of antibiotic resistance in E. 191 

coli isolates in DASHL were, MDR (84.0%) ˃ XDR(7.2%) > PDR and NMDR (4.3%), FMCK were; MDR 192 

(91.3%) ˃ XDR(4.3%) ˃ NMDR (2.9%) and PDR(1.4%) while in GHA, the order of occurrence of the 193 

classes of antimicrobial resistance was MDR (88.8%) ˃ NMDR(5.8%) > XDR and PDR(2.9%) as shown in 194 

Table 8 195 

Table 6: Occurrence of Multiple Antibiotic Resistant Escherichia coli from the stool of the patients  196 

Hospital  No. (%) MAR isolates (n= 69) 

   

DASHL   64(92.8) 

FMCK   68(98.6) 

GHA   62(89.9) 

DASHL= Dalhatu Araf Specialist Hospital, Lafia; FMCK= Federal Medical Centre, Keffi; GHA= General 197 
Hospital, Akwanga.  198 

The difference in the multiple antibiotic resistant of the isolates in relation to location was statistically 199 

insignificant (p˃0.05). 200 

 201 
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Table 7: Multiple Antibiotic Resistance (MAR) index of Escherichia coli from the stool of the patients  202 

No. of 
Antibiotic 

Resistance 
to (a) 

No. of 
Antibiotic 
tested (b) 

MAR Index 
(a/b) 

No. (%) MAR isolates 

DASHL 

(n= 64) 

FMCK 

(n= 68) 

GHA 

(n= 62) 

10 10 1.0 4(6.3) 6(8.8) 2(3.2) 
9 10 0.9 8(12.5) 8(11.8) 8(12.9) 

8 10 0.8 3(4.7) 8(11.8) 6(9.7) 

7 10 0.7 5(7.8) 9(13.2) 9(14.5) 

6 10 0.6 10(15.6) 5(7.4) 9(14.5) 

5 10 0.5 7(10.9) 10(14.7) 6(9.7) 

4 10 0.4 14(21.8) 11(16.2) 7(11.3) 

3 10 0.3 2(3.1) 7(10.3) 12(19.4) 

2 10 0.2 11(17.2) 4(5.9) 3(4.8) 

DASHL= Dalhatu Araf Specialist Hospital, Lafia; FMCK= Federal Medical Centre, Keffi; GHA= General 203 
Hospital Akwanga; No.=Number; %= Percentage. 204 
 205 

3.4 Phenotypic Detection of Extended Spectrum Beta-Lactamase 206 

The phenotypic detection of ESBL production in E. coli isolates jointly resistant to third generation 207 

cephalosporins (cefotaxime and/or ceftazidime) and ciprofloxacin is as shown in Table 9. Out of 56 208 

isolates jointly resistant to cefotaxime and/or ceftazidime and ciprofloxacin from DASHL, FMCK and GHA, 209 

53.6% (30/56) were ESBL producers, distributed in relation to the hospitals as follows: DASHL (60.0%), 210 

FMCK (50.0%) and GHA (52.6%).  211 

 212 

 213 

 214 

 215 

 216 

 217 
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Table 8: Classes of Antimicrobial Resistance in Escherichia coli from the stool of the patients  218 

Classes of 
Antimicrobial 
Resistance 

No. (%) E. coli 

 DASHL 
(n=69) 

FMCK 
(n=69) 

GHA 
(n=69) 

NMDR 3(4.3) 2(2.9) 4(5.8) 
MDR 58(84.0) 63(91.3) 61(88.8) 
XDR 5(7.2) 3(4.3) 2(2.9) 
PDR 3(4.3) 1(1.4) 2(2.9) 

 219 
NMDR= Non-multi-drug resistance; MDR= Multi-drug resistance (non-susceptible to ≥1 agent in ≥3 220 
antimicrobial categories); XDR = Extensive drug resistance (non-susceptible to ≥1 agent in all but ≤2 221 
antimicrobial categories); PDR=Pan drug resistance (non-susceptible to all antimicrobial listed) DASHL= 222 
Dalhatu Araf Specialist Hospital Lafia; FMCK= Federal Medical Centre, Keffi; GHA= General Hospital, 223 
Akwanga. No.= Number, %= Percentage. 224 
 225 

 226 

Table 9: Phenotypic detection of Extended Spectrum Beta-Lactamase production in the Escherichia coli 227 
from the stool of the patients 228 

Isolates No. (%) Cefotaxime/Ceftazidime Resistant Isolates No. (%) ESBL 
producers 

DASHL 15 9(60.0) 

FMCK 22 11(50.0) 

GHA 19 10(52.6) 

Total 56   30(53.6) 

DASHL= Dalhatu Araf Specialist Hospital, Lafia; FMCK= Federal Medical Centre, Keffi; GHA= General 229 
Hospital, Akwanga; No.= Number, %= Percentage. 230 
 231 

The number of infections due to ESBL E. coli is increasing, especially in African countries [9]. This study 232 

evaluated the extended spectrum beta-lactamase resistance of Escherichia coli from patients attending 233 

selected healthcare facilities in Nasarawa State, Nigeria. The isolation of E. coli in all stool samples 234 

(100%) is in agreement with studies reported [11, 12, 13]; and confirms the fact that E. coli is a common 235 

bacteria isolated in stool of human [14]. 236 

The occurrence of E. coli from the stool of patients with suspected cases of diarrhea in the study was an 237 

indication that the E. coli is among the pathogens that may be responsible for diarrheic infection and this 238 

is in agreement with the study earlier reported [14,15, 16].  239 
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Age group 0-5 and 6-10 years have the highest number of samples collected while age group 35 – >45 240 

have the least number collected. However, it was observed that between age groups the presence of the 241 

bacterial isolates with age group 0-5 and 6-10 years having the highest occurrence of bacterial isolates 242 

and the least is age group 35 – >45. This follows the same trend with a study done in Abuja by [11, 17], 243 

which shows that diarrhea is statistically associated with age and majority of the cases occurring in 244 

children between 7 months and 2 years of age. The reason for high incidence of bacteria isolates in age 245 

group 0-5 and 6-10 years could be due to the fact that children within this age group on their own cannot 246 

differentiate between what to eat and what not to eat; they have not learnt the rudiment of adherence to 247 

aseptic or hygienic practice; they can barely express themselves. Most diarrhea occur during the first 2 248 

years of life due to combined effects of declining levels of maternally acquired antibodies, the lack of 249 

active immunity in the infant, the introduction of food that may be contaminated with faecal bacteria and 250 

direct contact with human or animals faeces when the infant start to grow [11, 17]. Most enteric 251 

pathogens stimulate at least partial immunity against repeated infection or illness, which helps to explain 252 

the declining incidence of disease in older children and adults. 253 

The isolates from all the study locations were resistance to Amoxicillin/Clavulanic acid, Streptomycin and 254 

Sulphamethozazole/ Trimethoprim  but less resistance to Imipenem Gentamicin and Ceftazidine and is in 255 

tandem with similar study [7, 18,19] observed high percentage of drug resistance against ceftazidime 256 

(100%), cefotaxime (100%), cefepime (100%), ofloxacin (97.56%), amoxicillin/clavulanic acid (97.56%) 257 

and norfloxacin (85.36%).  258 

The occurrence of MAR isolates observed in this study was expected and is in a tandem with similar 259 

study reported [7, 20]. The resistance of isolates to these  antibiotics may be due to antibiotic misuses, 260 

ineffective empiric antibiotic therapy, poor dosing regimen of antimicrobial agent, and prolong therapy of 261 

infection caused by this organism may also likely being the reason for the resistance of antibiotics 262 

mentioned [20]. The occurrence of MDR resistance isolates in the all the study locations was not different 263 

from the study earlier reported [7, 21], that MDR E. coli responsible for diarrheic infection difficult to treat 264 

with antibiotics. The percentage occurrence of MDR isolates observed in this study was 92.8% in DASHL, 265 

98.6% in FMCK and 89.9% in GHA higher than 64.9% reported [21]. The occurrence of XDR and PDR 266 

resistant isolates observed in this study was also similar with the study earlier described [20, 21]. The 267 
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occurrence of ESBL producers   in E. coli isolates jointly resistant to ceftazidine and cefotaxime observed 268 

in this study was higher than 22.2% reported [3, 20, 21], 26.3% reported [7], 48.7% reported, 16.5% 269 

reported by [22]. 270 

4. CONCLUSION 271 

Most of the isolates from the study locations were multidrug resistance and ESBL resistant. The 272 

resistance of the isolates to antibiotics may be due to antibiotic misuses, ineffective empiric antibiotic 273 

therapy, poor dosing regimen of antimicrobial agent, and prolong therapy of infection caused by the E. 274 

coli. 275 
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